Introduction
Controlling the direction of liquid crystal (LC) molecules in specific alignment is essential for fabricating LC displays (LCDs). In the current industrial manufacturing process for LCDs, the most widely used technique to obtain uniform alignment of LC is rubbing of polyimide (PI) substrate. However, the rubbing alignment method has some disadvantages such as generation of static charge 1) and dusts, damages arising from scratches on PI surface because PI surface and rubbing cloth are contacted directly in the rubbing method. It diminishes visual quality of assembled LCDs. Therefore, some non-contact alignment methods have been developed 2)-8) . Among them, a photo-alignment method, in which alignment ability for LC is induced by irradiation of linear polarized ultra violet light (LPUV) to polymer substrate, has attracted much attention because of its high productivity and uniformity. The photo alignment film (PAF) is classified into three types: an isomerization type 2)3) , a dimerization type 4) and a degradation type 5) , according to alignment-ability generation mechanism. Since it is frequently observed that the degradation type of PAF generates unnecessary over decomposed product during UV irradiation process 9) , the isomerization type of PAF is more preferable to simplify the manufacturing process of LCD, which can omit degradation materials removal steps, and we have put isomerization type PAF into practical production for fringe field switching (FFS) LCDs. PAF we developed (JNC-PAF) shows large anisotropy and high alignment-ability ( Figure 1) 10) . Azobenzene diamine (1) has been used extensively as a monomer of polyamic acid (PAA) in isomerization type PAF 11)-14) . However, it suffers from lower transmittance compared with the other types of PAF due to the absorption property of azobenzene structure. Generally, absorption spectrum of azobenzene is partly including visible region (380-780 nm) 2)14) . Therefore, PAF consists of azobenzene decreases transmittance in visible region of LCD device that isomerization type PAF is applied. Thus, increasing transmittance of isomerization type PAF leads to realize 
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Experiments

Materials
<Typical procedure for preparation of PAF> The PAA solution was spin-coated (thickness: approx. 100 nm) on a glass substrate. The coated substrate was irradiated by LPUV (2.0 J/cm 2 at 365 nm) at normal incidence after a prebake process (60°C × 80 sec.). Then, the substrate was post-baked (220°C × 30 min.) to proceed thermal imidization reaction. 
Characteristics
Results and discussion
Molecular design and synthesis of 2
The novel compound (2) is designed to have shifted λ max to invisible region. Importantly, we can tailor ring substitution patterns of azobenzene derivatives to have preferable λ max 18) . The compound 2 has two 4aminophenethyl groups at both para positions of azobenzene. HOMO-LUMO energy gap of 2 is predicted to be larger than that of 1, since conjugated system of the azobenzene unit in 2 is not directly connected to amino groups (Figure 4 ).
The synthesis of 2 is shown in scheme 1. First, Nmono(2,2,2-trifluoroacetyl)-1,2-bis(4-aminophenyl) ethane (4) was dimerized oxidatively using NaBO 3 (H 2 O) 4 and B(OH)3 in AcOH 19) . Subsequent detrifuloroacetylation 20) of 5 under basic condition afforded 2 (77% yield in 2 steps).
The UV absorption spectra of 1 and 2 are shown in LUMO energy gap. Further, the longest limitation of absorption region of 2 is less than 400 nm. PAF prepared from 2 is expected to have shorter wavelength absorption compared with PAF from 1.
Transmittance and alignment-ability
The compositions of PAA used in this study are shown in table 1. The transmittance spectra of PAFs prepared from each PAA solution on glass substrate are shown in is comparable in degree to that of PAF A.
Optimization of irradiation spectrum
At first, the high-pressure mercury lamp was used as the light source for LPUV in comparative experiments.
The high-pressure mercury lamp shows sharp peaks at 303, 313, 365 nm in its emission spectrum, which is different to the λ max of 2 (334 nm). Therefore, it is assumed that the alignment-ability of the PAF B can be improved by optimizing the irradiation spectrum for the isomerization wavelength. For that purpose, LPUV light source, which was used for preparation of test FFS-cell using PAA B, was replaced with the metal halide lamp.
The emission spectra of those two lamps are shown in 
Conclusion
In summary, an improvement in transmittance of isomerization type PAF has been archived. 
